Spionid polychaetes are dominant members of many marine soft-bottom communities. As such, understanding their diversity and evolutionary history is of general interest. One spionid group in particular, Laonice, is known from the North Atlantic with several species occurring in deeper waters. We explored, as part of the IceAGE project, the biodiversity and evolution of Laonice using both morphology and mitochondrial cytochrome c oxidase subunit I (COI) gene data. Our data confirm the existence of at least seven lineages of Laonice in waters surrounding Iceland. Additionally, our sampling suggests species distributions of Laonice are similar to previous reports for other annelids, in that warmer waters south of Iceland appear to harbor more species, but further work is needed to clarify distribution patterns. Although our analysis was hampered by quality of preservation of animals from deep water, we recovered several species that were previously known to science (e.g., Laonice blakei, Laonice sarsi, Laonice cf. norgensis, and Laonice cirrata) and one new species. Laonice plumisetosa sp. nov. is characterized by having u-shaped nuchal organs not exceeding chaetiger 1 and the presence of stout capillaries with plush-like texture in parapodia of anterior chaetigers. Uncorrected genetic distances and phylogenetic analyses of COI data confirm these Laonice lineages are distinct. However, L. cirrata is composed of three subclades suggesting unrecognized diversity within this species. In the present paper, we aim to provide a preliminary phylogeny for Laonice and discuss our results in relation to the recently proposed subgenera for Laonice.
Introduction
Spionid annelids are among the most common invertebrates occurring in soft sediments. They are usually small (1 mm-5 cm length) (Delgado-Blas 2009), sedentary tubicolous annelids that can be recognized in part by a pair of long palps (Blake 1994) . Spionidae are usually deposit or suspension feeders, and importantly, they exhibit the highest diversity of reproductive modes among annelids (Wilson 1991) and possess a robust ability to regenerate. These and other traits are thought to contribute to their ecological dominance within benthic assemblages or, in the case of polydorids, as pest species boring into calcareous substrates (Blake 1994) . Although also present in the deep sea, most species have been described from shallow waters (Rouse 2001) . Unfortunately, spionids are very fragile, and morphological characters used in identification are often lost at the time of collection, making identification challenging and adversely impacting taxonomic treatments in a group that already suffers from limited morphological disparity as adults (Radashevsky et al. 2014) . Despite this situation, meaningful studies of spionid fauna in the North Atlantic and Nordic regions have been undertaken, especially for deep-water Laonice (e.g., Wesenberg-Lund 1950; Maciolek 2000; Meißner et al. 2014a; Sigvaldadóttir 2002; Sikorski 2003a Sikorski , 2011 Sikorski and Pavlova 2016; Sikorski et al. 2017) .
Laonice was first described in 1867 by Malmgren, and currently, this taxon is known to have a worldwide distribution. This group consists of 38 described species with more known to exist (Radashevsky and Lana 2009; Sikorski and Pavlova 2016; Sikorski et al. 2017) , especially from deepsea environments. Currently, 13 species have been described from North Atlantic and Nordic regions, with most species being found in deep waters (> 400 m) and only 3 found within shallow environments (Söderström 1920; Maciolek 2000; Sikorski 2003a; Sikorski et al. 2017) . However, the taxonomy of this group is problematic. Even though efforts (Sikorski 2003a (Sikorski , 2011 have improved former taxonomic descriptions, the distribution and arrangement of characters between species can overlap or be hard to score, limiting the ability to clearly delineate taxa (Foster 1971; Meißner et al. 2014a ). Phylogenetic studies have not been conducted for this group yet. Recently, four subgenera were proposed based on hypothesized morphologically distinct groups (Sikorski et al. 2017 ) that centered on the prostomium being fused or free from the peristomium, arrangement of capillary setae and genital pouches in the anterior segments, and length of nuchal organs. Unfortunately, molecular data for the group are very limited (mainly Carr et al. 2011; Brasier et al. 2017) , prohibiting independent assessment of such taxonomic hypotheses.
Here, we further explore the biodiversity and phylogenetic relationships of Laonice spionids using samples obtained from waters surrounding Iceland as part of the IceAGE (Icelandic marine Animals: Genetics and Ecology) project which aims to integrate classical taxonomy, molecular tools, and ecological modeling to study marine benthic invertebrates from Icelandic waters (Brix et al. 2014 ). IceAGE material is valuable not only because it extends previous sampling around Iceland, but also because it provides material fixed in ethanol for molecular work, not available from previous regional surveys (e.g., BIOFAR, Benthic Invertebrate Fauna of the Faroe Islands; BIOICE, Benthic Invertebrates of Icelandic waters). To this end, we employ both morphological taxonomy and mitochondrial (mt) cytochrome c oxidase subunit I (COI) gene data to assess Laonice specimens found in the waters surrounding Iceland. Previous analyses (Halanych and Janosik 2006; Carr et al. 2011; Brasier et al. 2016; Meißner et al. 2016 ) have shown COI to be a useful marker for species identification within annelids. We also aim to produce an initial phylogenetic hypothesis for Laonice.
Materials and methods

Study site and sample collection
Samples were collected during two expeditions around Iceland in 2011 (IceAGE I) and 2013 (IceAGE II), aboard the RV Meteor (M85/3) and RV Poseidon (POS 456), respectively (Fig. 1) . Specimens (Table 1) were collected at depths between 117 and 2780 m using multicorer, boxcorer, epibenthic sledges and trawls and were fixed in cold 96% ethanol and also in 4% formalin (for information on abiotic, including sediment, parameters, and habitats of collection sites see Meißner et al. (2014b, c) and Ostmann et al. (2014) and references therein). Studies on morphology were mainly based on material fixed in formalin; ethanol-fixed material was used for molecular studies and was also used in a reverse taxonomic approach. Samples were managed at the German Centre for Marine Biodiversity Research (DZMB), Hamburg, Germany, while being processed and examined. The material has been deposited at the Senckenberg Museum Frankfurt (SMF), Germany.
Morphological examination
Morphology was investigated using both light (LM) and scanning electron microscopy (SEM). Methyl green staining was applied for observation of most characters by means of LM. For SEM studies, specimens were dehydrated in a graded ethanol series, critical point-dried, sputter coated with carbon, and examined with a Leo 1525 scanning electron microscope. Drawings were made using a camera lucida. Light micrographs were taken with an Olympus SC50 digital camera or alternatively a Canon EOS 5D Mark II with Canon MP-E 65-mm lens attached. Measurements of width refer to the distance between the distal-most structures on the widest chaetiger seen on the anterior end in dorsal view (chaetae not included in the measurement). All images were post-processed and plates compiled using Adobe TM Adobe Creative Suite 6 (including Photoshop and Illustrator).
The term Bnuchal organ^refers to ciliary bands on the dorsum, posterior, and posterolateral to the prostomium. Under BMaterial examined,^the following abbreviations are used in case specimens were incomplete: af = anterior fragment, mf = middle fragment.
Morphology was assessed independent of knowledge of the molecular phylogeny. However, after both sets of data were brought together, selected specimens were reexamined to reconcile findings. Relevant taxonomic literature (Sikorski et al. 1988 (Sikorski et al. , 2017 Maciolek 2000; Sikorski 2002 Sikorski , 2003a Sikorski , 2003b Sigvaldadóttir and Desbruyeres 2003; Greaves et al. 2011; Meißner et al. 2014a; Sikorski and Pavlova 2016) on Laonice was used for identification. In particular, Sikorski's (2011) 
Molecular methods
Specimens used for molecular analysis were first sorted based on morphological characters (Suppl. 1); tissue was later obtained from each specimen for molecular studies. Barcoding with the mitochondrial cytochrome c oxidase subunit I (COI) gene was performed at Auburn University and the Smithsonian Institution. For 66 specimens (Table 1) , whole genomic DNA was extracted using Qiagen DNeasy® Blood and Tissue Kit (Qiagen Inc., Valencia, CA), following the manufacturer's protocol. COI was amplified and sequenced using newly designed primers (Table 2) after primers by Folmer et al. (1994) and Carr et al. (2011) failed. The combination of primers 2F-spionid-LCO and 1R-spionid-HCO yielded better results for Laonice specimens studied here. These new primers essentially span the same region as the Folmer et al. primers but cover 660 bp.
The PCR mix consisted of 14.2 μl water, 2.5 μl MgCl 2 , 2.5 μl 10× Taq buffer, 2.5 μl dNTP (10 μM), 1 μl of each primer (10 mM), 0.3 μl 10× Taq polymerase (VWR), and 1 μl of DNA template. PCR cycling protocol consisted of denaturation at 95°C for 5 min followed by 35 cycles of 94°C for 1 min, 50°C for 1 min, and 72°C for 1:30 min. A final elongation at 72°C for 8 min was employed. After visualization on a 1% agarose gel, products were purified using the QIAquick PCR Purification Kit (QIAGENE) and bidirectionally Sanger sequenced by GENEWIZ. Chromatograms of forward and reverse sequences were aligned and proofread in Geneious R6.
We also included 42 COI sequences available in GenBank (Suppl. 2) which comprised additional Laonice individuals (L. cirrata, L. antarcticae, L. norgensis, and L. wedellia) and outgroups (Spiophanes, Marenzelleria, and Streblospio).
Alignment of all Laonice sequences was performed using default parameters in MUSCLE (Edgar 2004 ) and proofread by eye. Aligned COI sequences were translated using the invertebrate mitochondrial code (NCBI translation code 5) to ensure stop codons or frameshift mutations were not present.
Phylogenetic analyses
Laonice relationships were reconstructed from COI data using Bayesian inference (BI). Best-fit partitions and models were inferred with PartitionFinder 1.1.1 (Lanfear et al. 2012) . Trees were reconstructed with MrBayes 3.2.6 (Huelsenbeck and Ronquist 2001) implementing PartitionFinder results which assigned codon position 1, 2, and 3 to different partitions. For each partition, a reversible jump Markov chain Monte Carlo (MCMC) was used to integrate across the selected GTR+I and GTR+G model as implemented in MrBayes. Four runs of four independent chains were run for 10,000,000 MCMC generations and sampled every 1000 generations. Stationarity of each chain was checked with TRACER v.1.6 (Rambaut et al. 2014 ) and the first 25% discarded as burn-in after visualizing a plot of likelihood 
Results
Below, morphological and molecular results are followed by a systematic account that integrated findings from both types of data.
Morphological results
Specimens were all anterior fragments and often they were not in good condition due to the general fragility of spionids even though careful processing of samples was employed during collection. This impeded the observation of several characters but still allowed species identification in most cases. Altogether, 91 specimens fixed in formalin were available for morphological studies of which 84 were identified to species level. Morphological identification of solely IceAGE material recovered at least five different species of Laonice. Most common was L. blakei Sikorski & Jirkov in Sikorski, Jirkov & Tsetlin, 1988 (N = 64) . This species was mainly found south of Iceland in both the Iceland and Irminger Basins, but two single records were also found in the Denmark Strait and the Norwegian Channel (Fig. 1) . Water depths ranged from 683 to 2750 m. Another 12 specimens were identified as L. cirrata (M. Sars, 1851) . Accordingly, this species occurred all around Iceland at water depths between 321 and 1622 m. Less common was Laonice sarsi Söderström, 1920 (N = 6) . This species was encountered in samples from south of Iceland at the Reykjanes Ridge and at the slopes to the Irminger Basin, at water depths between 214 and 305 m, while another single record also came from the Norwegian Channel at water depths of 303 m. There were two single specimens, one from the eastern part of the study area and another one from the slopes of the Irminger Basin. They were identified as L. cf. norgensis Sikorski, 2008 and Laonice cf. whittardensis Sikorski et al., 2017 . The water depth at these stations was 303 and 1622 m, respectively. Seven specimens could not be identified to species level, mainly due to their poor condition. Laonice plumisetosa sp. nov., a yet unknown species newly described herein, was not found in formalin-fixed material and described using ethanol-fixed material in a reverse taxonomic approach (see the BSystematic account^section for details).
Phylogenetic results
The final dataset consisted of 108 sequences with an aligned length of 657 nucleotides (alignment deposited on figshare, https://doi.org/10.6084/m9.figshare.5938903). Of these, we produced 66 sequences from our samples that correspond to 7 distinct morphologies. These represent 4 known species (L. blakei, L. cirrata, L. cf. norgensis, L. sarsi), 1 new species (L. plumisetosa sp. nov.), and 2 lineages which remain unnamed due to the quality of preservation. These 2 lineages (e.g., Laonice sp. a, Laonice sp. b, Laonice was recovered as monophyletic in BI analyses ( Fig. 2; Suppl. 3). One sequence from GenBank (KU697719.1) labeled as L. cirrata fell outside all other Laonice, but unfortunately, there is limited information for this sequence (Miralles et al. 2016 ) and is likely a misidentified animal. Nodes defining species were all highly supported (posterior probability, p.p. > 0.99). Below, we focus our discussion on well-supported nodes (p.p. > 0.95). Uncorrected genetic distances (p) of COI within Laonice species ranged from 0 to 1.7% except for specimens recognized as L. cirrata. Distances between Laonice species ranged from 15 to 24%.
Except for sequence KU697719.1 (see above), L. cirrata formed a group composed of three subclades and which contained 10% divergence in COI suggesting that it could represent more than one species. Both L. blakei and L. sarsi were each, individually, recovered as monophyletic (p.p. = 0.98). Interestingly, Southern Ocean L. cf. antarcticae was recovered as the sister taxon to the Icelandic L. sp. a. Similarly, Laonice weddellia, also found within Antarctic waters, was recovered as the sister taxon of L. norgensis. This latter group was composed of sequences from GenBank identified as L. norgensis (Meiẞner et al. 2014a) , as well as five specimens from our Icelandic collections. Unfortunately, the morphology of the Icelandic samples was not well preserved and consisted mainly of anterior ends. Thus, extension of the nuchal organs, first appearance of neuropodial hooks, start and extension of interparapodial pouches, start of sabre chaetae, and number of apical teeth in the hooks could not be sufficiently examined for all specimens, which would have allowed a more reliable determination of these samples as either L. norgensis or Laonice appelloefi. Based on the limited morphological assessment together with molecular barcode data, we provisionally call these individuals L. cf. norgensis.
There are also four branches that only include one or two individuals that fall outside of the other lineages (starred on Fig. 2 ). Given their genetic distinctness, they may well represent additional species, but we decline to comment further on them herein as it would be prudent to obtain additional samples.
Our morphological assessment recovered a previously unrecognized and distinct combination of characters (including u-shaped nuchal organs and plumose chaetae) within Laonice individuals examined. Moreover, these individuals were recovered as a single clade based on COI barcode data which was 15% different (uncorrected distances) from other Laonice. Based on these findings, we describe a new species. Description (amended) Prostomium subtriangular to bellshaped, anteriorly rounded, straight or medially incised; nuchal organ(s) usually straight, extending posteriorly for a variable number of chaetigers along the middorsum, only exceptionally very short and u-shaped or looped; occipital antenna present. Peristomium-free or fused to prostomium. Branchiae from chaetiger 2, apinnate or with digitiform pinnules, separated from or partially fused to notopodial postchaetal lamellae, continuing posteriorly for at least one half of body length; noto-and neuropodial postchaetal lamellae large, expanded in anterior chaetigers, reduced posteriorly. Interparapodial lateral pouches present. Notopodia with capillaries; notopodial hooded hooks present or absent; neurochaetae include capillaries, hooded hooks, and sabre chaetae; hooks with main fang and one to several apical teeth. Pygidium with anal cirri.
Systematic account
Laonice plumisetosa sp. nov. Description Holotype anterior fragment of 19 chaetigers, 0.9 mm wide and 4.5 mm long. All other specimen anterior fragments of 22 chaetigers at maximum, between 0.4 and 0.9 mm wide (measured at about chaetiger 4-5), and 2-5 mm long.
Prostomium bell-shaped, anterior margin straight, sometimes with tiny median incision, posteriorly extended into short, slightly elevated caruncle not exceeding chaetiger 1 (Figs. 3a and 4a, c) ; papilliform occipital antenna present at the anterior end of the caruncle (Figs. 3a and 4a) ; eyes absent. Peristomium moderately developed and not clearly separated from the prostomium, anteriolaterally prostomium and peristomium possibly connected via a narrow tissue connection (due to the limited number of specimens and their poor condition, this observation remains uncertain at present) (Figs. 3a and 4a) . Palps lost in all specimens (only one specimen with very short stump at the position of palps on one side, SMF 24380). Nuchal organ as pair of short u-shaped bands not exceeding chaetiger 1 (Figs. 3a and 4a) , of yellowish color in specimens fixed in 96% ethanol (Fig. 4c) . Dorsal branchiae lost in all specimens.
Parapodial postchaetal lamellae well developed, broad, foliaceous (Figs. 3c and 5e) (mostly lost in notopodia of available specimens); notopodial postchaetal lamellae with wide base, rather narrow and tapered in first chaetigers (Fig. 3e) , in subsequent chaetigers broad foliaceous with blunt tip (Fig. 3b) ; neuropodial postchaetal lamellae tapered with wide base in first chaetigers, subsequently rounded, obtuse, with very wide base extending to ventral side of the body, inferior extension most pronounced at chaetigers 2-7 (Figs. 3c, 4b , and 5e, f). Prechaetal lamellae absent. Interparapodial lateral pouches first present from between chaetigers 3 and 4, usually present throughout until the end of the fragment, partially covered by neuropodial postchaetal lamellae. Transversal dorsal ciliated crests not observed.
Capillary chaetae in anterior chaetigers arranged in two distinct rows in both rami (Figs. 4a, b and 5e ); anterior row with stout chaetae with plush-like texture seen in SEM (Fig. 5d) , if seen in LM at high magnification covered by fine hairs (Fig. 5b, c) ; second row with smooth capillaries without sheaths; capillaries in second row significantly longer and appearing considerably thinner than chaetae in anterior row (Fig. 5f) ; from about chaetiger 9 rows less distinct and arrangement in irregular bundles predominating, then with simple capillaries without granulations and sheaths. Neuropodial hooded hooks first present from chaetiger 18, 9-10 hooks per neuropodium; hooks tridentate with two small apical teeth side by side above main fang (Figs. 3d and 5a) ; hooks accompanied by simple capillaries. Sabre chaetae present in hookbearing chaetigers; as one or two stouts, granulated chaetae in inferior-most position (Fig. 5f ). Pygidium not observed (all specimens anterior fragments).
Pigmentation; Pigmentation not observed; yellow color of nuchal organ in specimens freshly fixed in 96% ethanol conspicuous (Fig. 4c) .
Methyl green; staining pattern Inconspicuous. Methyl green bonds to the chaetal surface and thus emphasizes the differing nature of chaetae (Fig. 5e) . Hence, the stout chaetae with plush-like texture are easily detected. Prostomium and parapodial lamellae are intensively stained (Fig. 4a, b) .
Ecology; Laonice plumisetosa sp. nov. was collected in waters between 1370 and 2400 m water depth. Sediments were described as very poorly sorted sandy mud with high total organic carbon contents (Meißner et al. 2014b ).
Geographical distribution
The species occurs north of Iceland in the Norwegian Sea and also south of Iceland at the slope to the Iceland Basin. The northern areas belong to the coldest (temperatures below zero) and deepest (up to 2400 m) in the study area of the IceAGE project, whereas the southern area is characterized by highly productive surface waters (Meißner et al. 2014b ).
Remarks The most conspicuous characters of L. plumisetosa sp. nov. are the u-shaped nuchal organs not exceeding chaetiger 1 (Figs. 3a and 4a, c) and the presence of stout capillaries with plush-like texture in parapodia of anterior chaetigers (Fig. 5b-e) . Among Laonice spp., looped nuchal organs are only also described for Laonice magnacristata Maciolek, 2000. However, other characters are not shared between the two species: in L. magnacristata, the tridentate neuropodial hooks exhibit apical teeth in tandem position whereas apical teeth are positioned side by side in L. plumisetosa sp. nov.; moreover, lateral interparapodial pouches start between chaetigers 3 and 4 in the latter species opposed to pouches first appearing between chaetigers 7 and 8 in L. magnacristata. The presence of stout chaetae with plushlike texture as described here for L. plumisetosa sp. nov. can be regarded as a unique character for species of Laonice.
Unfortunately, the original description of L. plumisetosa sp. nov. has to be based on specimens which are not in very good condition. This hampers the description of characters of taxonomic importance among species of Laonice. For example, the fusion between prostomium and peristomium could not be observed sufficiently. In some specimens, an anterior fusion between prostomium and peristomium could not be ruled out entirely; in others, this fusion appears to be absent. Also, branchiae were absent in all specimens, and the presence of scars, providing evidence of lost branchiae, could not be definitively determined. However, the fact that almost all notopodial parapodial lamellae are also missing suggests that branchiae were likely present but lost at time of collection. Notably, specimens were collected with epibenthic sledges and fixed onboard with 96% ethanol. This procedure is known to be unfavorable for the collection of fragile polychaetes living in deep-sea habitats.
Phylogenetic analyses of COI data (Fig. 2) resolved specimens with this novel morphology as nested within Laonice and distinct from other Laonice species. L. plumisetosa sp. nov. from the type locality are deposited under GenBank Accession numbers MG234463-MG234465 and MG234486 (Suppl. 2). In conclusion, despite limitations of the material, we described specimens as a new species of Laonice because both morphological and molecular characters allow easy identification.
Discussion
Using an integrative approach, we found seven distinct lineages of Laonice in the North Atlantic near Iceland (Figs. 1 and   2 ) and explored phylogenetic relationships of the group. Although the waters surrounding Iceland are among the best studied in the world, discovery of more Laonice species in the region, and especially in the deep sea, is likely. The novel species described here, Laonice plumisetosa, was the only Laonice species we found in the deep waters of the Norwegian Sea. Our findings on species distribution (Fig. 1 ) are similar to previous reports for other annelids, in that warmer waters south of Iceland appear to harbor more species. For example, Oweniidae and Opheliidae were more limited to the southern region (Parapar 2003; Parapar et al. 2011), and Sigvaldadóttir (2002) found members of Prionospio occur north and south of Iceland. Furthermore, additional work is needed to clarify distributional patterns of these lineages around Iceland and in the North Atlantic (see Stransky and Svavarsson 2006; Dijkstra et al. 2009; Brix and Svavarsson 2010) .
Definitive unambiguous morphological characters that distinguish individual species are generally rare in Laonice, although our newly described species has plumose-like chaetae, representing a unique character. Many Laonice species are distinguished based on a combination of characters (e.g., Sikorski 2003a; Sikorski 2011; Meißner et al. 2014a , Fig. 4 herein). In combination with the easy fragmentation of Laonice specimens and often poor condition of our material, identification based on morphological characters has been challenging. This is the reason Laonice sp. a and Laonice sp. b could not be identified and more material is needed to unambiguously describe their morphology. Nonetheless, identification and delineation of North Atlantic Laonice species by morphological and molecular criteria produced consistent results in the present study. Distinct morphologies corresponded with genetic clades that showed interspecies uncorrected differences of 15-24% (Table 3) and were defined by wellsupported nodes (p.p. ≥ 0.99). These values are typical of, or greater than, distance values that have been documented by previous studies (Dahlgren et al. 2001; Glover et al. 2005; Meißner and Blank 2009; Carr et al. 2011; Thornhill et al. 2012; Janssen et al. 2015) as distinguishing between different, well-recognized species. For example, spionids typically show a 6-20% difference between congeneric species but > 40% difference when compared with other spionid genera (Mahon et al. 2009; Meiẞner and Gotting 2015; Ye et al. 2017) . Thus, based on both morphological and molecular criteria, there are at least seven species of Laonice around Iceland.
However, delineation of L. cirrata was more difficult and it may represent several species. CO1 data recovered at least three subclades (Fig. 2) with 10-16% difference between them, suggesting an unrecognized diversity within this species. In contrast, other intraspecific distances ranged from 0 to 2%, which was similar to the subclades within L. cirrata (< 2%). Additionally, taxonomic characters used for L. cirrata show a broad morphological variation with extended ranges for characters (e.g., last segment with branchiae 4-40, last segment with nuchal organs 16-59; Table II in Sikorski 2011) that overlap with other recognized Laonice species (Sikorski 2011) . Moreover, this species is reported to have a broad distributional range that includes the Arctic, Pacific, and North and South Atlantic Ocean (Hartman 1965; Blake 1994; Sikorski 2002 Sikorski , 2003a Sikorski , 2011 Radashevsky and Lana 2009) . After studying a number of specimens identified as L. cirrata from several localities, Sikorski (2002) concluded that this species is probably limited to Norway and adjacent regions, and specimens from other locations might represent different species. Interestingly, each of the three subclades identified by CO1 data represent specimens from distinct geographic regions (Fig. 2) , providing additional support for Sikorski's conclusions. Further, studies with specimens from other locations including the type locality are required in order to get a better understanding of the taxonomic status for this species. Recently, 28 Laonice species were assigned into four new subgenera (Laonice, Sarsiana, Appelloefia, and Norgensia) based on morphological evidence (Sikorski et al. 2017 ). Sarsiana comprises seven species which have the following characters: the prostomium fused to the peristomium, short nuchal organs, and notopodial hooded hooks present in posterior segments. In our sampling, this group is represented by L. sarsi and L. antarcticae, which are recovered within a highly supported clade (p.p. = 0.97) together with Laonice sp. a, providing preliminary support for the Sarsiana group. The Laonice subgenus is differentiated based on the anterior margin of the prostomium being fused to the peristomium in combination with capillary chaetae in the anterior region arranged in two vertical rows. This group is composed of 10 described species. However, because we only have molecular data for L. cirrata (which likely includes multiple species as currently recognized), we cannot comment on the validity of this subgenus. That said, we do note that all the species with the prostomium fused to the peristomium form a clade (p.p. = 0.92) and include species from the Laonice and Sarsiana subgenera. Thus, the unfused condition is plesiomorphic for Laonice and will not be informative as a diagnostic character (i.e., synapomorphy).
In contrast, two other subgenera, Appelloefia and Norgensia, were not recovered in our phylogenetic analyses.
Our study placed L. weddellia and L. norgensis as sister taxa, and L. blakei in a different region of the tree separated by multiple nodes (Fig. 2) . However, Sikorski et al.'s (2017) subgeneric classification placed both L. weddellia and L. blakei within the Appelloefia subgenus. These subgenera were distinguished by the fact that Appelloefia species Boften [have] a widening of the body^and Norgensia species Boften [have] transversal dorsal membranous crests in the post dorsal nuchal organ area^with the description of other characters being largely identical. Given the lack of diagnostic morphological characters supporting these subgeneric designations and results of the molecular phylogenetic analysis, the validity of these subgenera is suspect.
The identification of L. norgensis proved difficult. The species is morphologically close to L. appelloefi Söderström, 1920 , and according to Sikorski (2003a) , the main differences are the absence of the visible widening of anterior chaetigers as well as the presence of complete dorsal transverse membranes in L. norgensis. In addition, the nuchal organ is supposedly longer in L. norgensis (chaetigers 15-28 versus chaetigers 8-14 in L. appelloefi), pouches start later (chaetigers 5-15 opposed to 8-17), and hooks are tridentate in L. appelloefi but mostly bidentate in L. norgensis. Based on this, there is a numerical overlap in several characters and these characters may vary with ontogeny (see Radashevsky and Lana 2009; Greaves et al. 2011) . Laonice worms are usually recovered incomplete as rather short anterior fragments and without characters of taxonomic value like dorsal crests, hooks, and pouches. Since COI sequences of 0.00 0.00 our specimens formed a clade with Laonice specimens from the Meteor seamounts (Meißner et al. 2014a ) identified as L. norgensis, here we also provisionally refer our specimens to L. norgensis. We would like to stress that this assignment can only be regarded as dependable when barcode data from the type locality of L. norgensis become available and provide support for this assignment.
Clearly, additional data and attention should be needed to more fully understand the evolution within Laonice, but the COI topology presented here represents a primary view that can be tested in subsequent analyses. For example, the tree indicated that Southern Ocean Laonice do not share a recent common ancestor, implying that these animals have been able to move into Antarctic waters on separate occasions. With additional taxa and data, this concept, as well as Sikorski's proposed subgenera, can be revisited to further improve our understanding of this group.
